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Drexel  Group:  Main  Tasks 


Thrust  1.  Experimental  studies  of  nonequilibrium  air-fuel  plasma  kinetics  using 
advanced  non-intrusive  diagnostics 

Task  1:  Low-to-Moderate  (T=300-800  K)  temperature,  spatial  and  time-dependent  radical 
species  concentration  and  temperature  measurements  in  nanosecond  pulse  plasmas  in  a 
variety  of  fuel-air  mixtures  pressures  (P=0.5-5  atm),  and  equivalence  ratios 

Task  4:  Moderate-to-high  (T=800  -  1800  K)  temperature  PAC  oxidation  kinetics  in  Discharge 
Shock  Tube  Facility  at  pressures  up  to  10  bar 

Task  5:  PAC  oxidation  and  combustion  initiation  at  high  pressure,  high  temperature  conditions 

Thrust  2.  Kinetic  model  development  and  validation 

Task  8:  Development  and  validation  of  a  predictive  kinetic  model  of  non-equilibrium  plasma 
fuel  oxidation  and  ignition 

Task  9:  Mechanism  Reduction  and  Dynamic  Multi-time  Scale  Modeling  of  Detailed  Plasma- 
Flame  Chemistry 

Thrust  3.  Experimental  and  modeling  studies  of  fundamental  nonequilibrium 
discharge  processes 

Task  10:  Characterization  and  Modeling  of  Nsec  Pulsed  Plasma  Discharges 

Thrust  4.  Studies  of  diffusion  and  transport  of  active  species  in  representative  two- 
dimensional  reacting  flow  geometries 

Task  13:  Ignition  and  flameholding  in  high-speed  non-premixed  flows 

Task  14:  High  Fidelity  Modeling  of  Plasma  Assisted  Combustion  in  Complex  Flow 
Environments 
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SDO  kinetic  analysis 


The  ignition  time  as  a  function  of  SDO  mole  fraction  in  oxygen. 
T=775  K  and  P=10  Torr  in  the  H2i02=5:2  mixture 
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Auto-ignition 
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The  evolution  in  time  of  the  mole  fractions  of  the  main  component  for 
autoignition  (a)  and  ignition  with  6%  singlet  delta  oxygen.  The  gas  temperature 

evolution  is  represented  by  the  thick  red  line. 
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Rapid  Compression  Machine: 
High-Pressure,  Low-Temperature 
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PAC  at  High  Pressure:  ER  =  1  (Rakitin  et  al) 
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Temperature, 


Pressure,  bar 


PAC  at  High  Pressure:  ER  =  0.4  (Rakitin  et  al) 


Time,  ms 


1200 

1000 

800 

600 

400 

200 

bbr 


Propane, 
Surface  DBD, 
<  50mJ 


Physics  of  Nonequilibrium  Systems  Laboratory 


T2 

P2 


hP 

CD 

s_ 

15 

Cl 


£ 

CD 

I- 


794  K 
32  bar 


1200 

1000 

800 

600 

400 

200 
bbr172 


Temperature, 


Propane-Butane-Air  Lean  Mixtures 

<p  =  0.5  (C3:C4=85:15) 


1000/T,  K'1 


Physics  of  Nonequilibrium  Systems  Laboratory 


Propane-Butane-Air  Mixture  Ignition 
(p  =  0.5  (C3:C4=85:15).  Calculations 
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Ignition  Delay,  [is 


Propane-Butane-Air  Mixture  Ignition. 
Experiment  vs  Calculations. 
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Discharge  Format  on  and  Flame 
Stabilization  in  High  Speed  Flow 
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IVTAN  (Sergey  Leonov): 

M  =  2 

Maximal  stagnation  pressure  1.8  Bar 
Stagnation  temperature  670  K 
Discharge  Power  -  1  kW 


DPI  Shock  Tunnel: 

M  =  2-5 

Static  pressure  0.1  - 1  Bar 
Static  temperature  700-1000  K 
Discharge  Power  -  1  kW 
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Summary 


Range  of  Parameters 

P  =  0.1  -  70  atm 

T  =  300  -  2000  K 

M  =  0  -  5 

^=0.01-1 

E/n  =  200-500  Td  (Air) 

Fuels:  H2,  C.,  -  C4 

Acetones,  Alcohols,  CO 
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Experiment: 

Shock  Tube 
Shock  Tunnel 

Rapid  Compression  Machine 
Premixed  Flow  Nozzle 


Theory: 

Discharge  Models 
Plasma  Models 
Chemical  Kinetic  Models 


